Photochemical production and release of gas- 
Introduction
There is a growing body of evidence that snow surfaces are not inert reservoirs of adsorbed or absorbed compounds, but rather are active participants in photochemical reactions that alter the composition of both the snow and the overlying atmosphere. We have observed elevated levels of NOx (NO q-NO•.) in the interstitial air of the snowpack at The Snow Nitrogen and Oxidants in Winter (SNOW99) study was organized to determine whether the photochemical processes observed in polar regions also occur in midlatitude snowpacks, and, through the simultaneous measurement of a variety of compounds, to begin to elucidate the mechanism and impacts of the process. Photochemical production of NO• was investigated in two ways. In the first, snow was artificially produced from deionized water and from deionized water to which NaNOs was added. The results of those experiments demonstrate that the presence of NO•-alone is sufficient for the production of NO•, and provide the basis for an analysis of the mechanism of NO• production presented in a separate paper [Honrath et al., 2000] . In the second set of experiments, natural snow was used. The results of these experiments demonstrate that significant photochemical NOx production occurs in natural, midlatitude snow and are the subject of this paper.
Experimental Methods

Measurement
Site:
The measurements were made in a small clearing in a mixed hardwood and conifer forest in a remote region of northern Michigan (see Figure 1) . The region between the field site and Lake Superior was devoid of combustion sources, and the region across Lake Superior to the west and northwest of the site is sparsely populated. As a result, during periods when winds were from the prevailing westerly/northwesterly direction, NO• levels were relatively low and stable, allowing us to observe incremental effects of snow chemistry upon ambient air composition. Convection over Lake Superior and orographic lifting as air flowed eastward over the Keweenaw Peninsula resulted in frequent lake-effect snow during the study period and provided large amounts of relatively clean snow for analysis. region between experiments, to allow snow to fall directly inside. During the night prior to the Jan. 11 experiment, 3.5 cm of new snow filled the chamber; the remainder of the chamber was filled by gently transferring fresh snow from the surrounding region into the flow chamber, using a clean scoop. For the Jan. 12 experiment, day-old snow from the same snowfall was used to fill the chamber. Fresh snowfall filled the chamber to overflowing during the 36 hr prior to the Jan. 28 measurements.
Snow
Measurements: NO, NO2, and NOy were determined using a system described previously [Peterson and Honrath, 1999] . NO and NO2 measurements were made in ambient air, in air exiting the flow chamber while it was darkened, and in air exiting the flow chamber while it was sunlit. NOy (total reactive nitrogen oxides) was determined darkened flow chamber for two periods of approximately I hr duration while monitoring the effluent composition. On January 28, the chamber was uncovered in the morning and remained uncovered for the 7-hour experiment; ambient NO• levels were monitored periodically during this period. An additional experiment using breathing-air-quality synthetic air was conducted on January 11. The protocol on this day was similar to that used on January 12, except that the chamber was uncovered only once, for a 1.5 hr period. Temperatures during the experiments on Jan. 28, Jan. 12, and Jan. 11 were -6 to -2, -13 to -12, and -18 to -12 øC, respectively. TOC levels in the snow used in the experiments on these days were 0.04-0.07, 0.27, and 0.4 ppm, respectively.
Results and Discussion
Results These results indicate that NO• production occurred within the snow, at a rate directly related to the sunlight intensity. Table I The degree to which snow photochemistry is active under more polluted conditions is not known. Further investigation is called for, as snow surfaces are seasonally present in many urban and industrial regions, and release of oxidants or oxidized organics could potentially play a significant role in springtime urban photochemistry in such regions.
The results presented here are based on a limited number of experiments. While they clearly demonstrate the occurrence of significant photochemical NO• production in natural mid-latitude snow, additional experiments are necessary to more precisely determine the relationship between the rate of production and snow properties, spectral actinic flux, and snow composition, and the magnitude of the resulting emission of NOx to the overlying atmosphere.
